Asthma and obesity have been on the rise for the past few decades, becoming the most prevalent chronic conditions in children [1, 2] . Obesity has been suggested to increase asthma incidence and prevalence, and change asthma towards a more difficult-to-control phenotype [3] . Yet, the impact of heterogeneous asthma and obesity definitions on the suggested association has been poorly explored. As such, we aimed to evaluate the influence of different asthma and obesity definitions on the obesity-asthma relationship.
Lung function and airway reversibility were assessed by spirometry, and were recorded before and after inhalation of 400 μg salbutamol. Positive bronchodilation was defined based on ⩾12% and ⩾200 mL increase in forced expiratory volume in 1 s after bronchodilation. Different asthma definitions were considered as follows. 1) Medical diagnosis: self-reported medical diagnosis; ii) medical diagnosis or positive bronchodilation; 3) medical diagnosis with asthma symptoms, reported symptoms (wheezing, dyspnea or dry cough) occurring in the past 12 months, or positive bronchodilation; and 4) medical diagnosis and under asthma treatment (currently under antiasthma medication). Accordingly, prevalence was 6.5, 12.3, 10.8 and 5.3% for medical diagnosis, medical diagnosis or positive bronchodilation, medical diagnosis with asthma symptoms or positive bronchodilation, and medical diagnosis under asthma treatment, respectively. Levels of exhaled nitric oxide were measured to assess airway inflammation using the NObreath analyser (Bedfont Scientific Ltd, Rochester, UK). Skin-prick tests (SPTs) were performed on children's forearms to evaluate allergic sensitisation using a QuickTest (Panatrex Inc., Placentia, CA, USA) applicator, which contained house dust mite, weed pollen, grass pollen mix, cat dander, dog dander, Alternaria alternata, negative control (extract diluent) and a positive control consisting of histamine 10 mg·mL −1 (HAL Allergy, Leiden, the Netherlands). Results were read 15 min afterwards and atopy was defined by a positive SPT to at least one of the allergens.
The SPSS statistical package software version 25.0 (IBM, Armonk, NY, USA) was used to analyse the data statistically. Logistic regression models were performed to determine the association between asthma definitions and body mass categories. The underweight category was not included in this analysis because a limited number of children with asthma were underweight (n<5), preventing the establishment of a good model. Age, sex, exhaled NO and atopy were analysed as potential confounders. Significant differences were reported with an α-value inferior to 5% ( p<0.05). The study was approved by the local ethics committee, procedures were in accordance with Helsinki Declaration and written consent was obtained from the children's legal guardians.
After adjustment, the risk of asthma was significantly higher in overweight children compared with those of normal weight according to CDC and IOTF classifications (table 1). No significant associations were observed between asthma definitions and overweight according to WHO and percentage of body fat, nor with obesity. Our results indicate that, independently of the asthma definition adopted, the risk of asthma was significantly higher in children classified as overweight according to CDC and IOTF classifications. Although the risk of asthma suggested a similar tendency with the remaining BMI classifications, our findings support that the relationship between BMI categories and asthma in epidemiological studies in children depends on the definitions adopted, which may increase the controversy over the association and temporal relationship between overweight and asthma in children.
The obese asthma phenotype is complex and multifactorial, as are both obesity and asthma [9] . A possible explanation for the difficulty found when studying this phenotype might be the different asthma definitions and BMI classifications adopted, as we showed in the present study. Accordingly, previous studies showed a different magnitude of agreement coefficients between BMI classifications [10] and regarding childhood asthma; in addition, prevalence estimates varied substantially with the definition adopted [11] . Asthma is an umbrella term applied to a group of conditions characterised by varying degrees of airflow limitation, different patterns of inflammation, contributions from bacterial and viral infections that vary over time, an oversensitive cough reflex, and mucus hypersecretion. It is therefore plausible that different body mass classifications challenge the strength of the epidemiological evidence that suggests asthma and obesity are linked.
In conclusion, discrepancies in the epidemiological literature regarding the strength of the obesity-asthma association in children may be partially explained by the different BMI classifications adopted. Author contributions: All authors were involved in investigation and gave constructive criticism of the study manuscript. F. de Castro Mendes and A. Moreira wrote the manuscript with input from all authors.
